Background: Buried bumper syndrome (BBS) is a rare complication of percutaneous endoscopic gastrostomy. Complete BBS without visible parts of the inner bumper is a challenge for endoscopic treatment. Methods and Aims: Data base analysis of all procedures performed at our tertiary university endoscopy center between 2000 and 2015 was conducted. Our aim was to improve the success rates of endoscopic treatment using a standardized approach and a pull-modification of the papillotome-based extraction technique in a prospective cohort. Results: Retrospectively, 55 patients were identified (37 men; age 54 6 16 years). The prospective series comprised 11 patients (8 men; age 63 6 27 years). Patients with partial BBS were effectively treated by endoscopy in both cohorts (24/25 and 4/4 patients, respectively). For complete BBS (Cyrany grade 3), success rates of endoscopic therapy differed significantly between the cohorts (P ¼ 0.017). In the retrospective cohort, only 38% of patients (9/24 patients) were successfully treated. In the prospective cohort, all six patients (deep-type in five cases) were managed without complications. Patients with extra-gastric tubes underwent primary surgery in both cohorts (six and one patients, respectively). Conclusion: A structured approach improved success rates of endoscopic treatment. All patients with an internal bumper verified to lie within the gastric wall can be treated by an experienced investigator using a papillotome-based technique.
Introduction
Percutaneous endoscopic gastrostomy (PEG) is the preferred method to ensure sufficient nutrition delivery for patients with inadequate oral intake. The leading indications for PEG-tube placement are neurological or neurodegenerative disorders as well as head and neck cancers causing impaired swallowing. 1 It is estimated, that more than 140.000 PEG-tubes are implanted every year in Germany, mostly in elderly and multi-morbid patients. Epidemiologic studies show a rising trend for PEG placement. 2 Although PEG is considered to be an endoscopic standard procedure, complications occur more often than after other routine endoscopies early or late after PEG-tube insertion. 3 Buried bumper syndrome (BBS) is a major long-term complication with an estimated frequency of 0.3-2.4%. 3, 4 BBS is characterized by migration of the internal fixation device (bumper) along the stoma channel, ranging from partial coverage of the internal bumper by mucosal overgrowth to a completely extra-gastric localization of the bumper. Typical clinical signs are inability to push the tube into the stomach, leakage and blocking of administered fluids as well as local inflammation and superinfection. The goal of treatment is to maintain nutritional support and to remove the ingrown gastrostomy system. BBS severity is categorized taking into account depth of invasion in endoscopy and imaging. 4 Figure 1 . Modified extraction technique. BBS before endoscopic treatment is shown in (A). First, superficial (B) and then deep (C) endoscopic dissection in a star-like fashion (Endo mode 30W, ME MB 2 electrosurgical unit; KLS Martin, Tuttlingen, Germany) using a guide-wire papillotome (triple lumen and 20 mm cutting length; ENDO-FLEX, Voerde, Germany) is performed. In (D) a view along the dissection tract without clear identification of the inner bumper in the deep is given. After grasping of an externally introduced biopsy forceps (fixed by a Spencer Wells forceps with the PEG-tube 5 cm above skin level) with a foreign-body retrieval forceps (rat tooth with alligator jaw;
MTW; Wesel, Germany) (E) and (F) the endoscope is withdrawn while keeping the foreign-body retrieval forceps under tension. The extracted internal bumper (G) is then replaced by a balloon-tube (Kangaroo gastrostomy feeding tube 16-20 Fr/Ch; Covidien Medtronic; Minneapolis, USA) with a large volume balloon (20 ml volume) (H).
surgical techniques for stage-dependent PEG-device removal have been proposed (reviewed in the literature). 4, 5 Here, we present a retrospective analysis of the cases diagnosed with BBS at our tertiary referral center and report on the prospective implementation of a defined treatment algorithm with a modified endoscopic technique to improve the success rate of endoscopic BBS treatment.
Patients and methods
A data base analysis reviewing the Saarland University Medical Center endoscopy reports was performed in order to identify all patients endoscopically diagnosed with BBS between January 2000 and December 2015. The type of BBS was retrospectively classified using the classification proposed by Cyrany et al.
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Prospective cases were also classified using the classification proposed by Richter-Schrag. 5 Since the aim was to improve success rates of BBS treatment we implemented a standardized treatment approach that was used for all patients diagnosed after January 2016: all patients underwent esophagogastroduodenoscopy performed by a single investigator. Endoscopies were performed with Olympus Scopes (GIF-1TQ160, GIF-H180, GIF-H190; Olympus Europe, Hamburg, Germany).
In patients with completely covered PEG without visible parts of the internal bumper (complete BBS) abdominal imaging (CT scan) was performed prior to treatment to clarify the anatomy (e.g. invasion depth, positioning and angle in relation to the gastric mucosa) and to exclude a completely extra-gastric localization of the inner bumper. In this case, patients were forwarded to surgery. All other patients were scheduled for endoscopic treatment using a modification (Figure 1 ) of the papillotome-based technique proposed by Mü ller-Gerbes et al. 6 The study was approved by the local ethics committee (Ethikkommission der Ä rztekammer des Saarlandes; 21
November 2017) and was done in accordance with the Declaration of Helsinki. All patients or their legal representatives signed an informed consent form for interventional endoscopy and computed tomography.
Results

Study population overview
Between 2000 and 2015, 55 patients were diagnosed with BBS (37 men; 18 women). The patients had a median age of 54 6 16 years (range 2-87). Ten patients were younger than 35 years. The absolute frequency rose from 12 and 18 to 25 in 3 consecutive 5-year intervals.
The prospective series comprised 11 patients (8 men and 3 women) diagnosed between January 2016 and January 2018. The median age was 63 6 27 years with a range from 28 to 88 years.
Partial BBS
Retrospective study population Among 25 patients showing a BBS with partially visible bumper (Cyrany BBS grade 2), 24 patients were endoscopically treated successfully, whereas one patient did not receive endoscopic therapy due to reduced medical condition ( Table 1) . Because of a deeply ingrown bumper push-or pull-procedures were combined with mucosal incision using a needle knife (n ¼ 1) or a guide-wire papillotome (n ¼ 1) in two cases. One of these patients experienced a bleeding complication after needle-knife use, which was controlled endoscopically. Otherwise, no endoscopy-related complications occurred.
Prospective cohort
Four partial BBS (Table 1) could be managed using a foreignbody grasping forceps (n ¼ 3) or the above described modified 
Complete BBS
Retrospective cohort
In 30 patients (55%), no components of the bumper were visible during endoscopy. Six patients (11%) had BBS grade 4 with extra-gastric localization of the PEG. All of these patients underwent surgical removal without endoscopic treatment attempt. In 24 patients (44%), a BBS grade 3 was diagnosed. Treatment of these patients is summarized in Table 2 . Of note, in nine patients (38%), no endoscopic attempt to remove the buried bumper was undertaken (primary surgery in five cases, insertion of a small caliber feeding jejunal catheter in two cases, no treatment in two patients). The only major endoscopic complication was bleeding, which could be controlled endoscopically, in 3 of 11 patients treated with a needle knife (27%). Altogether, for grade 3 BBS five patients without (primary) and six patients with ineffective endoscopic treatment (secondary) underwent surgery (46%).
Over the 15 year period several endoscopists were involved in therapy and therapeutic decisions for BBS, with 11 senior endoscopists performing at least 3 endoscopies for the treatment of BBS (Supplementary Table S1 ). The mean number of BBS endoscopies was 4 (range 1-12) with six endoscopists investigating more than five BBS. Twelve investigators performed 21 endoscopies for treatment of complete BBS without visible parts Prospective study population Seven patients were diagnosed with complete BBS. One patient with extra-gastric PEG without visible orifice (Cyrany grade 4) underwent elective surgery.
Five patients (72 6 25 years; range 28-87) were diagnosed with deep-type BBS with poor mobilization grade (Cyrany grade 3, Richter-Schrag type IV), one patient had complete BBS with good mobilization grade (Cyrany grade 3; Richter-Schrag type III). All of these patients could be treated endoscopically (Table 2) using the above described technique without complications (Figure 1) . Figure 2 documents the endoscopic treatment in each of the deep-type cases (poor mobilization grade).
Endoscopic therapy for complete BBS (Cyrany grade 3) was significantly more effective when compared with the retrospective cohort (P ¼ 0.017; Fisher's Exact Test).
Discussion
BBS is a rare complication after PEG placement. Nevertheless, the increasing use of PEG results in a higher frequency of BBS diagnosed in clinical practice. The high incidence of BBS in our cohort is due to the referrals of external patients to our institution. To our knowledge, this is the largest single center series published so far.
Incomplete BBS with visible parts of the internal bumper is usually not a serious endoscopic problem. In our experience extraction with the foreign-body grasping forceps is effective in most cases. In case of deep mucosal invasion, endoscopic push-techniques (e.g. using Savary dilators) 7 or pull-techniques (e.g. the modified technique presented here or the 'push-pull T-technique') 8 can be applied. Only in rare cases, there may be need for endoscopic dissection of the overgrowing mucosa (7% in our series).
In contrast, complete BBS (especially Cyrany grade 3 with poor mobilization grade according to Richter-Schrag type IV) represents a challenge for endoscopic treatment. In our retrospective cohort, only 38% of patients with complete BBS (Cyrany grade 3) were successfully treated by endoscopy. This rate represents real-world data and is substantially lower than in dedicated reports, which are prone to publication bias. 6, 9, 10 However, since the endoscopies in our series were performed by investigators experienced in interventional endoscopy in a large endoscopy unit (> 10.000 procedures per year), success rates based on total BBS number in individual smaller centers may even be lower. The relatively large number of individual investigators undergoing training at an academic training center and the relatively low frequency of BBS and especially BBS grade 3 result in only few cases treated by a single one investigator, and in fact only one endoscopist treated more than three grade 3 BBS.
After implementation of a structured treatment algorithm in order to improve endoscopic success rates, we effectively extracted six complete BBS (including five deep-type BBS with poor mobilization grade) without complications in our prospective cohort. Up to now, no definite standard for management of BBS and especially grade 3 has been established and various techniques have been published (reviewed in the literature).
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Our technique is a pull-modification of the papillotome-based push-technique. 6, [11] [12] [13] In our point of view, the main challenge of deep-type BBS is that the inner bumper often lies outside the axis suggested by the small orifice identified. Needle knife dissection thus has an imminent risk of perforation. 10 In addition, bleeding complications after needle knife use were documented in onethird of our patients in the retrospective analysis, and similar bleeding complications have also been published. 11, 14 In concordance with previous reports, 11 the papillotome-based technique should become the standard approach for treatment of complete BBS because of high success and low complication rates. Our pull-modification is an alternative to the established pushtechnique proposed by Mü ller-Gerbes et al. 6 Particularly when the internal bumper lies in deep gastric structures outside the axis suggested by the orifice, smaller tissue dissections may suffice in comparison to the push-technique. However, the presence of an endoscopist experienced in treatment of deep-type BBS may be more relevant for success of endoscopic treatment than the version of papillotome-based technique used. Thus, treatment at an institution with special expertise is recommended. In summary, a structured approach with a defined treatment algorithm ( Figure 3 ) can improve success rates for BBS treatment. 10 All patients with an internal bumper verified to lie within the gastric wall by imaging should undergo an endoscopic treatment attempt by an experienced investigator using a papillotome-based technique. localization complication rates after endoscopic dissection rise even in experienced hands. 5 In these situations, the 'pull-through' technique presented by
Venu et al. 15 may be a reasonable alternative to the papillotome-based methods.
